r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r r Background: Electronic health records (EHRs) are evolving the scope of operations, practices, and outcomes of population health in the United States. Local health departments (LHDs) need adequate health informatics capacities to handle the quantity and quality of population health data. Purpose: The purpose of this study was to gain an updated view using the most recent data to identify the primary storage of clinical data, status of data for meaningful use, and characteristics associated with the implementation of EHRs in LHDs. Methods: Data were drawn from the 2015 Informatics Capacity and Needs Assessment Survey, which used a stratified random sampling design of LHD populations. Oversampling of larger LHDs was conducted and sampling weights were applied. Data were analyzed using descriptive statistics and logistic regression in SPSS. Results: Forty-two percent of LHDs indicated the use of an EHR system compared with 58% that use a non-EHR system for the storage of primary health data. Seventy-one percent of LHDs had reviewed some or all of the current systems to determine whether they needed to be improved or replaced, whereas only 6% formally conducted a readiness assessment for health information exchange. Twenty-seven percent of the LHDs had conducted informatics training within the past 12 months. LHD characteristics statistically associated with having an EHR system were having state or centralized governance, not having created a strategic plan related to informatics within the past 2 years throughout LHDs, provided informatics training in the past 12 months, and various levels of control over decisions regarding hardware allocation or acquisition, software selection, software support, and information technology budget allocation. Conclusion: A focus on EHR implementation in public
Electronic health records (EHRs) are not simply changing how local health departments (LHDs) store patient health information but also evolving the scope of operations, practices, and outcomes of population health. To provide core public health functions of assurance and assessment, LHDs need adequate health information technology (IT) capabilities for the quantity and quality of health data. 1, 2 EHRs have streamlined processes and shown positive effects on patient care delivery in emergency departments, 3 primary care clinics, 4 mental health care, 5, 6 hospitals, 7 and nursing homes. 8 However, the low numbers of EHR adoption in public health could be limiting the capacity to identify areas of health disparities, measure disease burden, and examine the impact of public health programming and interventions. 9 The enactment of the Health Information Technology for Economic and Clinical Health (HITECH) purposed to increase the adoption and use of health IT in the United States. HITECH provided assistance to eligible providers for adoption, as well as set requirements for meaningful use of EHRs. Most LHDs do not have eligible providers, as they mainly use nurses; therefore, they do not qualify for incentives provided through this program. However, reaching the objectives for meaningful use of EHRs can assist with improvement in quality of care through patient safety, 10, 11 effectiveness and efficiency, medical error reduction, assistance in decision making, 12 and advances in describing appropriateness of care through patient-level measures. 13 Societal outcomes mentioned in the literature include abilities to link parent and child records for more comprehensive and holistic care with familial context 14 and the availability of clinical data for research and improvement of population health. 13 In 2013, the implementation of EHRs was reported successful in 22% of LHDs in the United States. 15 In other studies, characteristics of successful EHR implementation included having strong leadership and vision, supportive policies, strategic goal setting and planning, prioritization, 16 and communication in the preimplementation phase. 17 In addition, having an experienced top executive, larger population size, decentralized governance structure, and a higher per capita expenditure were characteristics of LHDs with successfully implemented EHR systems. 18 Standing and Cripps 19 indicated that implementation was based on the level of "critical success factors." These critical success factors included involvement of user or stakeholder, alignment with the vision and strategy, communication and reporting, process for implementation and training, planning for IT infrastructure, and contextual factors such as resources, decisionmaking authority, accountability, and resistance to adoption. 19 Thirty-two percent of LHDs had no activity toward implementing EHRs in 2013. 18 Approximately 22% of LHDs are currently offering clinical services. 20 Among those LHDs that provide clinical services, many experienced challenges to implementation. The costs of implementation, lack of interoperability, workflow concerns, privacy and security, training and usability, and resistance to change are commonly mentioned barriers in the literature. 11, [21] [22] [23] [24] [25] Low perceived usefulness, 26 lack of technical training and support, insufficient financial resources, 27 and ethical and legal concerns 28 were also highly mentioned challenges to the implementation of EHRs. This research highlights the most recent data, collected in 2015, to identify the storage of clinical data, status of data for meaningful use, and characteristics associated with the implementation of EHRs.
• Methods A total of 324 completed responses were received, with a 50% response rate. Given that only a sample of all LHDs participated in the study and the larger LHDs were oversampled and overrepresented, statistical weights were developed to account for 3 factors: (a) disproportionate response rate by population size (7 population strata, typically used in NACCHO surveys), (b) oversampling of LHDs with larger population sizes, and (c) sampling rather than the census approach. This study was approved by the institutional review board at Georgia Southern University in 2015.
Data and sampling design

Dependent variable
The status of data for meaningful use (stage 1) was assessed by examining the following informatics systems: electronic laboratory reporting, immunization information systems, syndromic surveillance system, cancer registry, and other specialized registries. These systems were categorized by currently receiving, preparing to receive, or not receiving (no system, state-run system, or do not know) data for meaningful use.
Since clinical services are not essential services provided by LHDs, LHDs with no clinical services were not included in this question provided by the 2015 Informatics Capacity and Needs Assessment Survey. The presence of an EHR system was operationalized through the question: "What is your local health department's primary system to contain/organize patient health information (clinical service data) in-house?" The question included the following 7 responses: (1) paper records, (2) basic software, (3) a federally provided system, (4) a custom-built EHR system, (5) a vendor-built EHR system, (6) an open-source EHR system, and (7) electronic record systems other than those listed earlier. Responses 4, 5, and 6 were combined to reflect "EHR system" and responses 1, 2, 3, and 7 were combined to reflect "non-EHR system." These 2 response categories were included in the logistic regression model.
Independent variable
The independent variables considered for the logistic regression model included LHD characteristics theoretically associated with informatics capacity. Variables included infrastructural and organizational activities, training, and control of IT decisions. Variables regarding infrastructure of LHDs include a 5-level population size (1. <25 000; 2. 25 000-49 999; 3. 50 000-99 999; 4. 100 000-499 999; and 5. ≥500 000) and governance categories (state, local, and shared). The variables representing the organizational activities performed in the past 2 years are reviewed current systems, created a strategic plan for information systems, used formal project management process, formally conducted a readiness assessment, and had the provision of training within the last 12 months. The variables for control of IT decisions were represented by hardware allocation and acquisition, software selection, software support, and IT budget allocation. In addition, the control variables included decisions within each department or program, within LHD (through central department), through city or county IT department, through state agency, or through someone else.
The selection of the variables was made prior to analyses and was based on review of the literature. However, our variable selection was limited by the availability of the 2015 Informatics Capacity and Needs Assessment Survey. The variable selection was also conditioned by elimination of some variables highly correlated with each other. To avoid multicollinearity, we excluded only those independent variables that were not highly correlated with each other. Our final selection of independent variables had the Pearson correlation coefficient of 0.3 or less.
Data analysis
Descriptive analysis was performed to compute frequencies and percentages for the meaningful use and independent variables. For modeling the dependent variable dichotomized as "EHR system" versus "non-EHR system," logistic regression was used. To avoid small cell counts, 2 separate logistic regression models were computed-one to model the organizational characteristics and the other for IT characteristics. The Nagelkerke pseudo-R 2 for the first model (Table 1 ) was 0.77 and for the second model (Table 2 ) was 0.24. The 95% confidence intervals, descriptive, and regression statistics were calculated using IBM SPSS (version 23).
• Results
Fifty-seven percent of LHDs are currently receiving data from certified EHRs for meaningful use (stage 1) of Having an EHR System Versus Having a Non-EHR System for Primary Health Data Storage
TABLE 2 • Logistic Regression Model 2 of LHD Characteristics (Control of IT Decisions) of Having an EHR System Versus
Having a Non-EHR System for Primary Health Data Storagefrom immunization information systems, followed by 52% from electronic laboratory reporting, and 35% from syndromic surveillance systems (Figure) . Only 9% of LHDs are receiving data from cancer registries, and almost 10% from other specialized registries. More than half of LHDs were not receiving data from certified EHRs for meaningful use from syndromic surveillance systems, cancer registries, and other specialized registries. Forty-two percent of LHDs indicated having an EHR system compared with 58% that use a non-EHR system to store primary health data. Eighty-seven of the 324 LHDs had less than 25 000 population jurisdiction, followed by 79 from 100 000 to 499 999 population size. Approximately 82% of LHDs had local governance compared with almost 10% with shared governance and 9% were state-governed. A majority of the LHD respondents indicated the organization had reviewed some or all of the current systems to determine whether they needed to be improved or replaced (71%), whereas only 6% formally conducted a readiness assessment for health information exchange.
Control of IT decisions regarding hardware allocation and acquisition (43%), software selection (39%), and software support (48%) were indicated most frequently as controlled through city or county IT departments. For IT budget allocation (35%), the control of IT decisions were most often within each department or program. Twenty-seven percent of the LHDs had conducted informatics training within the past 12 months.
After controlling for other independent variables in the model, LHD characteristics statistically associated with having an EHR system were having local governance. The results indicate an inverse relationship between EHR system implementation and having a strategic plan related to informatics in the past 2 years (Table 1) . Having a local governance structure was Informatics SystemAbbreviation: LHD, local health department.
significantly associated with a lowered chance of having an EHR system (adjusted odds ratio [AOR] = 0.612, P = .002) than having state governance. LHDs that created a strategic plan for information systems in the past two years were less likely than LHDs that did not create a strategic plan to have EHRs (AOR = 0.783, P = .05). Positive associations existed between LHDs using a formal project management process to implement a new information system (AOR = 1.916, P < .001), formally conducting security risk analysis with regard to public health information systems (AOR = 2.089, P < .001), and formally conducting a readiness assessment for health information exchange (AOR = 0.539, P < .001) and having an EHR system. LHDs that provided informatics training in the past 12 months had twice the odds of using an EHR system compared with those who did not conduct informatics training.
A second logistic regression model was constructed to analyze the association of the control of IT decisions and the presence of EHR systems in LHDs. Table 2 includes the type of IT control and the department, agency, or outside agency that controls it. Characteristics of IT control associated with the presence of an EHR system included hardware allocation or acquisition through someone else (AOR = 9.299, P < .001), within LHD through central department (AOR = 4.702, P < .001). For software selection, a significance positive influence was observed for LHDs with control through state agency (AOR = 4.678, P < .001) or through city or county IT department (AOR = 3.060, P < .001). Software support was significantly associated with having an EHR system when control was through a central department in the LHD (AOR = 2.219, P = .004), within each department or program of the LHD (AOR = 0.553, P = .006), and through the state agency (AOR = 0.350, P < .001).
LHD characteristics statistically associated with having an EHR system were having local governance, not having created a strategic plan for information systems in past 2 years, had informatics training in the past 12 months, and had various agencies and department of controlling IT decision making of hardware allocation or acquisition, software selection, software support, and IT budget allocation.
• Discussion
The findings indicate the most commonly received certified EHR data for meaningful use stage 1 was electronic laboratory reporting and immunization information systems. Reaching meaningful use has many implications for LHDs, such as providing real-time and relevant data for patient care, improving in patient health outcomes, and driving action for change in population health. 29 Although laboratory reporting and immunization systems are receiving certified EHR data in more than 50% of the LHDs, there is much room for improvement in syndromic surveillance and cancer registry at the local level.
The LHD population size can affect the resources and infrastructure of the LHD, which have an impact on the implementation of EHRs due to the economies of scale and scope. 30 Larger LHDs tend to have more resources and control of IT budget allocations and hardware and software acquisition due to a variety of vendors, which causes competition and lower costs. The workforce within the LHD is also affected by increased productivity and a wider range of IT skill sets. 31 Governance of the LHD is a factor in EHR implementation. The findings indicate that LHDs with state governance tend to have EHR systems more often than local or shared governance. State health departments have different budget allowances, funding streams, and workforce that greatly influence the capabilities of IT infrastructures. 32 Strategic alignment is a key characteristic in the implementation of LHD informatics. 19 Regular reviewing and updating of strategic plans can assist with processes surrounding implementation, including communication plans with leaders and employees and action steps for a successful implementation of informatics. 19 The presence of a strategic plan regarding informatics in the past 2 years was assessed in this study to determine whether EHR implementation was linked to strategy activities. This study illuminated that the LHDs that have not created a strategic plan for information systems within the past 2 years are more likely to have EHRs. However, since this study did not consider strategic plans created outside of the past 2 years nor the date of EHR implementation, it cannot be conclusively determined that there was an absence of a strategic plan related to informatics just prior to the 2 years.
Our study has some limitations related to biases due to type of respondents and self-reporting of informatics capacities. Before administering the survey that is the source of data for this study, the project team asked the contact persons for the LHDs in the study sample to identify the most relevant informatics staff. Only a quarter of the LHDs provided the informatics staff contacts, resulting in mixed perspective of LHD informatics and the leadership staff. Also, the self-reported survey responses were not independently verified.
• Conclusion Public health agencies, including LHDs, need increased health IT capacities to provide the core public health functions efficiently and effectively. 1, 2 EHRs are already changing the operations, practices, and outcomes in health care, 7 but public health is lagging in adoption. 15 Patient safety, error reduction, and advances in population-level health could be achieved through meaningful use of EHRs. As mentioned in the literature, societal outcomes could be the ability to provide holistic and comprehensive care to individuals and populations served by LHDs. This study shows that LHD characteristics that have shown positive influences on implementation of EHRs regardless of population size include reviewing some or all of the current information systems to determine whether they needed to be improved or replaced, conducting formal readiness assessment for health information exchange, providing informatics training, and conducting analysis of control levels of decisions of hardware allocation or acquisition, software selection, software support, and IT budget allocation. A focus on EHR implementation in public health is pertinent for examining impacts of public health programming and interventions for the positive change in population health. 
